Introduction
The ESCAR (Experimental Superconductinq Aqcelerator Ring) project has been described previously. , Twentyfour superconducting dipoles each about 1 meter long, provide the guide field for this proton acceleratorstorage ring. Injection of 50 MeV protons corresponds to a 3 kG central dipole field, and a peak proton energy of A new end configuration is clearly discernable in Figure 1 . Compared with the usual half-round ends used in many saddle-shaped coils, these ends are more compact, result in end spacers of almost constant width, and give lower magnetic field aberrations. A small-radius bend at the end of the straight section is joined to the much larger radius of the given end turn at such a location as to make the winding both reasonable to build and achieve all the good things mentioned above. Table I lists the multipole components calculated in the straight section and the corresponding integrals through the ends and the straight section.0 As can be seen, in the integral sense, the ends add negligible field distortion. Random current block placement errors of 0.2 mm add field distortions of AB/B = 1 x 10-3 at the 6.2 cm radius used in Table I . provided by an aluminum alloy ring structure which is shrunk onto the coil. The magnet-cryostat assembly within the cold helium region is shown in Fig. 2 .
Cryogenic Design --"Weir Cryostats" and Helium Pressure
Drop
The cryogenic simplicity of passing the helium coolant through all the magnets in series is economically attractive, but requires the sizing of flow passages through the various series elements compatible with the allowable'total pressure drop.7 Figure 3 shows the helium pressure around the ring under minimum static and maximum pulsing heat loads. Under the higher load the pressure drop around the ring is 1.5 psi, which is within the design specifications for the refrigeration plant. Most of this pressure drop occurs in the straight section transfer lines (corrugated commercial tubing was assumed). However, even the slight pressure drop of 0.002 psi between the two ends of a magnet cryostat results in a helium liquid level difference of 1 cm. This slope is indicated in the sketch shown at the top of Figure 3 .
Cryogenic Design --Helium Distribution
The helium distribution system, shown in Figure   4 , is divided into two circuits. The primary helium circuit, which contains the four quadrants of dipoles and quadrupoles, is a simple series circuit which carries up to 100 gsl of two phase helium at 4.5°K. This primary circuit has by-pass circuits around each of the magnet quadrants. These by-pass circuits are used when one or more magnet quadrants are warmed up while the others remain cold. The Joule-Thompson valve for the magnet circuit is located near the first magnet quadrant cooled by the stream. The pressure drop in the magnet circuit must be low in order to have a nearly constant temperature in the magnets. (See Fig. 3 ) the maximum temperature in the magnets will be 4.60 K.
The second helium circuit supplies five sets of cryogenic vacuum panels with liquid helium. The cryopanels are on a separate circuit because: the circuit mass flow rate is 20 gs-1; the panels must be warmed up for cleaning every few months; and the pressure drop in the cryopanel circuit is not as critical as it is in the magnets. Both helium circuits are supplied by the refrigerator control box. The refrigerator, which is not shown in Fig. 4 . is within 15 m of the control box. 
